INTRODUCTION
A high prevalence of heart failure (HF) results in a significant burden to society in terms of morbidity and mortality, both internationally (1, 2) and locally. (3, 4) Diuretics are the only drugs that can adequately control the fluid retention that occurs with HF; thus, they are the most effective group of drugs for providing rapid symptomatic benefits. (5) Despite treatment with intravenous diuretics, a large proportion of hospitalised HF patients fail to achieve adequate diuresis and weight loss, and have unresolved symptoms and high readmission rates. (6) Furthermore, patients with renal impairment and diuretic resistance have been reported to have a prolonged hospital stay. (7, 8) Although to date, there is no consensus on the definition of diuretic resistance, it is often described when there is persistent clinical congestion due to inadequate diuresis and natriuresis after administration of at least 80 mg of furosemide daily or an equivalent dose of diuretics. (9) (10) (11) (12) The prevalence of diuretic resistance among patients with HF is unknown. (10) The concept of extracorporeal removal of fluid using ultrafiltration (UF) has been reported for over 50 years. (13) Its use in HF patients was initially reported in publications in the mid-1980s. (14, 15) In the past, the use of UF was limited by the need for a large, cumbersome haemodialysis machine and the use of a large central venous line at high flow rate for blood removal. The availability of new UF devices, such as the Aquadex FlexFlow TM Fluid Removal System (Gambro, Deerfield, IL, USA), which is much smaller, more portable and requires only a peripheral venous catheter, overcomes the aforementioned limitations and elevates the potential of UF in HF treatment. (16) UF has been proven to be a safe and effective alternative to intravenous diuretics in the treatment of decompensated HF. (17, 18) However, there have not been any clinical trials assessing the use of UF in decompensated HF patients with diuretic resistance. The present study aimed to determine the efficacy and safety of performing UF in patients with decompensated HF and diuretic resistance, by evaluating the use of UF in a cohort of patients who were hospitalised in our centre.
METHODS
From October 2011 to July 2013, a total of 1,464 patients admitted to the National Heart Centre Singapore, Singapore, with a diagnosis of decompensated HF were screened for eligibility to undergo UF. 44 consecutive patients who remained fluid overloaded despite being treated with diuretic therapy were offered UF therapy. Among these 44 patients, 18 received UF (i.e. UF group), while 26 declined UF and continued to receive treatment with diuretics. The latter (i.e. standard care group) served as controls in this study. We performed a retrospective cohort study by examining the medical records of the aforementioned 44 patients, to assess the efficacy and safety of UF in patients with decompensated HF and diuretic resistance.
Ultrafiltration in patients with decompensated heart failure and diuretic resistance: an Asian centre's experience
To be eligible for UF, the patients must fulfil the following criteria: (a) aged > 21 years; (b) able to provide informed consent; (c) hospitalised with a primary diagnosis of acute decompensated HF; (d) diuretic resistant; and (e) hypervolaemic. Diuretic resistance was defined as having a urine output < 125 mL/hr after the administration of at least 80 mg of intravenous frusemide per day. The patient was deemed to be hypervolaemic if at least two of the following characteristics were present: (a) peripheral oedema ≥ 2+; (b) jugular venous distension; (c) radiographic pulmonary oedema or pleural effusion; (d) enlarged liver or ascites; (e) pulmonary rales, paroxysmal nocturnal dyspnoea or orthopnoea; (f) S3 gallop; and (g) rapid weight gain of 2 kg over dry weight. The exclusion criteria for UF were: (a) acute coronary syndrome; (b) end-stage renal disease requiring dialysis; (c) Stage 4 and above chronic kidney disease (calculated glomerular filtration rate ≤ 30 mL/min); (d) requires intravenous inotropes or vasoactive drugs; (e) systolic blood pressure < 85 mmHg; (f) haematocrit > 45%; (g) heparin allergy or contraindication to the use of anticoagulation; (h) sepsis or systemic infection; (i) pregnancy; (j) co-existing diseases that are expected to result in death within three months or prolonged hospitalisation; (k) use of radiocontrast material in the last 72 hours; or (l) inability to obtain venous access.
The Aquadex FlexFlow Fluid Removal System was used for all patients who received UF. For venous access, a 6-Fr, central, dual-lumen catheter was placed in the internal jugular vein or the femoral vein of the patients. The patients then received a single course of UF; the fluid removal rate (up to a maximum of 500 mL/hr) was left to the discretion of the treating HF specialist. UF was performed in the general ward and operated by an HF nurse (who was specially trained in UF management) under the guidance of the treating HF specialist. UF was allowed to run until the patients achieved euvolaemia or the system clotted prematurely before euvolaemia was attained. Oral and intravenous diuretics were discontinued during UF. Intravenous heparin was given to the UF group according to the standard protocol in order to maintain a partial thromboplastin time of 60-80 seconds.
Patients who were not eligible for or refused treatment with UF were treated with intravenous diuretics, which is the standard of care. The doses of diuretics were titrated by the treating physician to manage the signs and symptoms of congestion. The use of intravenous inotropes and vasodilators was also determined by the treating physician based on the patient's urine output, blood pressure and renal function.
The clinical outcomes of interest included net fluid and weight loss at 48 hours after treatment. The 48-hour net fluid loss was calculated by measuring the patient's total fluid intake and output on treatment assignment and at 48 hours. The 48-hour weight loss was the difference between the patient's weight on treatment and at 48 hours. Subjective assessments of the patient's health outcomes at discharge and 30 days were evaluated using the standardised EQ-5D-3L™ health questionnaire. (19) This questionnaire consists of the following five dimensions: mobility; self-care; usual activities; pain/discomfort; and anxiety/depression. Each dimension is measured on a scale of 1-3, where 1 indicates the absence of problems, 2 indicates the presence of some problems and 3 indicates the presence of extreme problems. The duration of hospitalisation, the number of emergency department visits and the number of rehospitalisations for HF within 30 days and 90 days were retrieved from the electronic medical records. The safety endpoints of UF were assessed by examining the incidence of hypotension, bleeding, electrolyte imbalance, worsening renal function and line-related complications. We compared the blood pressure, and haemoglobin, serum sodium, potassium and creatinine levels of the patients before and after UF was performed.
Categorical variables were expressed as frequencies and percentages, and compared using Fisher's exact test. Normally distributed continuous variables were presented as mean ± standard deviation and compared using two-tailed, unpaired Student's t-test. Continuous variables that were not normally distributed were presented as median (interquartile range [IQR]), and compared using Wilcoxon rank-sum test. A p-value ≤ 0.05 was considered statistically significant.
RESULTS
Among the 1,464 patients admitted to our centre with decompensated HF, 44 (3.0%) who were identified as being diuretic-resistant made up the study cohort. The median age of the study cohort was 63.2 (IQR 56.5-70.5) years and 84.1% of the patients were male. The patients were of the following ethnicities: Chinese (n = 28); Malay (n = 9); and Indian (n = 7). More than half of the patients (63.6%) had prior admissions due to HF in the previous 12 months. The majority were classified as New York Heart Association (NYHA) functional class III (75.0%) and only a small number of patients were in NYHA IV (11.4%). The median ejection fraction was 29.0%. In terms of the medications that the patients were receiving prior to the index hospitalisation, 75.0% were on beta blockers, 63.6% on either angiotensinconverting enzyme inhibitors or angiotensin receptor blockers, and 47.7% on mineralocorticoid receptor antagonists. Most of the patients (93.2%) were also on oral frusemide (median dose of 120 mg/day) prior to the index hospitalisation. The median serum creatinine level of the study cohort was 126 µmol/L. The baseline demographic and clinical characteristics of the patients were similar between the UF group (n = 18) and the standard care group (n = 26) (Table I) .
For each patient in the UF group, a single session of UF was performed at an average fluid removal rate of 314 ± 99 mL/hr. The mean duration of UF was 18.4 ± 13.2 hours, and the mean fluid volume removed was 5,836 ± 3,800 mL. The standard care group received a mean daily dose of intravenous frusemide 167 ± 57 mg. In the standard care group, intravenous inotropes were used in five patients and intravenous vasodilator was used in one patient; none of the patients in the UF group required the use of inotropes or vasodilators during their subsequent HF treatment.
At 48 hours, the UF group had a significantly lower median urine output than the standard care group (1, days, there were no statistically significant differences in the number of emergency department visits and rehospitalisations for HF between the two groups. The mean number of 30-day emergency department visits for HF in the UF group was 0.1 ± 0.3, while that for the standard care group was 0.4 ± 0.6 (p = 0.1203). The mean number of 30-day rehospitalisations for HF in the UF group was 0.2 ± 0.4, while that for the standard care group was Table II .
When we compared the blood pressure, and haemoglobin, serum sodium, potassium and creatinine levels of the patients who underwent UF, before and after UF was performed, no clinically significant changes were found (Table III) . There were no linerelated complications reported in the UF group.
DISCUSSION
Previous trials have established UF as a safe and effective treatment modality for patients with decompensated HF. (17, 18) The American College of Cardiology Foundation/American Heart Association Task Force (ACCF/AHA) 2013 guidelines on HF recommend UF as a Class IIb (Level of evidence: B) treatment strategy for: (a) patients with obvious volume overload, to alleviate congestive symptoms and fluid weight; and (b) patients with refractory congestion who are not responding to medical therapy.
(5) On the other hand, the European Society of Cardiology (ESC) 2012 guidelines for HF do not give specific class recommendations for UF but suggest the use of UF in patients who are resistant to diuretics. (20) These recommendations are based primarily on the 2007 study, Ultrafiltration versus Intravenous Diuretics for Patients Hospitalized for Acute Decompensated Congestive Heart Failure (UNLOAD), which is the largest randomised trial comparing UF against intravenous diuretic therapy in hypervolaemic HF patients. (18) Despite these recommendations, UF via the portable Aquadex FlexFlow system in decompensated HF patients with diuretic resistance has not been validated. There is a previous study that showed that slow continuous UF via a haemodialysis machine resulted in poor clinical outcomes among refractory patients with advanced decompensated HF. (21) The present study is a single centre's clinical experience of a cohort of patients hospitalised with HF and diuretic resistance, undergoing UF; the outcomes of this cohort of patients were compared to those of another cohort of patients who were eligible for UF but opted to undergo standard diuretic therapy. We demonstrated significantly greater fluid and weight loss with UF than intravenous diuretics, despite a significantly lower urine output in the UF group. These results, which are comparable to those of previous studies, (16, 17, 19) are not unexpected, as the fluid removal rate can be adjusted using the UF device. Conversely, the urine output in the standard care group was variable and mostly non-substantial (especially since the standard care group was also made up of patients with diuretic resistance).
The effectiveness of UF in removing fluid translated into improved clinical outcomes, shorter hospital stays, as well as reductions in the number of emergency department visits and readmissions for HF. Our data indicated that the UF group had Table II Line-related complications Not applicable 0 a shorter length of hospitalisation than the standard care group. This is likely due to the rapid volume removal that was achieved with UF, resulting in the quicker attainment of euvolaemia. We also showed that UF was associated with a significantly lower number of 90-day emergency department visits for HF, as well as a significantly lower number of 90-day rehospitalisations for HF. There was also a trend toward a numerically lower number of 30-day emergency department visits and rehospitalisations for HF in the UF group, although this did not reach statistical significance. The improved clinical outcomes observed with the use of UF may imply less resource utilisation for HF. In addition, the fact that UF can be performed safely in the general ward, as compared to the need for intensive care unit stay for standard care patients who require inotropic support, could represent potential healthcare cost savings, although this was not directly analysed in the present study. Further studies are needed to specifically address the impact of the use of UF on health economics. The reductions in the number of emergency department visits and readmissions for HF suggest that UF results in sustained haemodynamic and neurohormonal benefits; this has also been demonstrated in previous studies. (22) (23) (24) As compared to diuretics, UF has been shown to remove more total body sodium for similar volumes of fluid removed. (25) The ultrafiltrate produced in UF is isotonic compared to plasma, whereas the urine produced by loop diuretics is hypotonic. (23, 24) Hence, UF has also been associated with decreased neurohormonal activation, as indicated by reduced levels of plasma brain natriuretic peptide, norepinephrine, renin and aldosterone, which do not occur with intravenous diuretics. (23) In a study conducted by Marenzi et al, (22) the improved haemodynamics associated with the use of UF was reflected in reduced mean right atrial, pulmonary artery and wedge pressures, as well as increased cardiac output and stroke volume.
The persistent clinical improvements following UF could also be explained by the restoration of diuretic responsiveness. (22, 24) It is widely known that prolonged diuretic use impairs the kidney's efficiency to produce urine in response to a certain amount of diuretic administered. It has been suggested that resistance to diuretics is an adverse prognostic indicator and that such resistance is associated with mortality in HF patients. (26) (27) (28) (29) Previous studies have demonstrated that HF patients who have undergone UF treatment require a lower dose of maintenance diuretics than patients who received standard care. (17, 22) In essence, by improving diuresis, natriuresis, haemodynamics and neurohormonal responses, UF is able to interrupt the vicious circle that leads to refractory HF.
Our experience with UF suggests that the relief in congestion that was achieved via UF could lead to a better quality of life. Improvement in the functional status of patients in the UF group was more pronounced than in those in the standard care group, as shown by the greater decline in EQ-5D scores of patients in the UF group at discharge and 30 days. This observation is consistent with that of other UF trials. (16, 17, 26) Other than that, none of the patients who underwent UF in our study cohort experienced adverse events such as hypotension, bleeding, electrolyte imbalance, worsening renal function or line-related complications. This finding further confirms the safety of UF. (15) (16) (17) 26) The efficacy and safety findings of UF in the present study are largely comparable to the proof-of-concept Relief for Acutely Fluid-Overloaded Patients with Decompensated Congestive Heart Failure (RAPID-CHF) trial and the landmark randomised UNLOAD trial. (16, 17) However, the latest randomised UF trial, Cardiorenal Rescue Study in Acute Decompensated Heart Failure (CARRESS-HF), failed to demonstrate the superiority of UF over pharmacologic therapy in their cardiorenal patient population. (30) CARRESS-HF showed similar weight loss, mortality and rate of hospitalisation for HF between patients who received UF and patients who received diuretic treatment. One major difference between the study design of CARRESS-HF and the aforementioned studies (i.e. RAPID-CHF, UNLOAD and the present study) was that CARRESS-HF had a fixed UF rate of 200 mL/hr, while the other studies allowed a UF rate of up to 500 mL/hr. This could explain the lack of fluid and weight loss in the UF group in CARESS-HF. Furthermore, the renal function of the patients who underwent UF in CARRESS-HF worsened; the reason for this is unclear and has been postulated to be due to transient intravascular volume depletion during UF. (30) It must be emphasised that the patient populations of each of these trials were different -the RAPID-CHF and UNLOAD trials recruited hypervolaemic HF patients, CARRESS-HF enrolled HF patients with cardiorenal syndrome, and the present study enrolled acutely decompensated HF patients with diuretic resistance. Our study cohort was selected in accordance with the guidelines for the use of UF by ACCF/AHA and ESC. This highlights the importance of selecting appropriate patients for UF. The results of our study demonstrated that UF can be used in acutely decompensated HF patients who are not responsive to diuretics. In this group of patients, UF was able to relieve congestion rapidly and safely, reduce the length of hospitalisation and the frequency of readmission due to HF, and improve the patient's quality of life. However, diuretics should still be the first-line treatment strategy for patients who are diuretic-sensitive, given the high cost and complexity of UF.
The principal limitation of the present study is that it is a single-centre, retrospective cohort study with a small study population. However, the outcome data of the study is generally in agreement with the two randomised UF trials, RAPID-CHF and UNLOAD. A second limitation is that there may have been inherent biases, as the use of inotropes and the doses of intravenous diuretics administered were at the discretion of the treating physician for the standard care group, while the rate and duration of UF were judiciously determined by the HF physician for the UF group. The treating physician of the standard care group might have been a cardiologist of other subspecialties, whereas the treating physician of the UF group was a HF specialist; this may represent a confounding factor and could have contributed to the different clinical outcomes between the two groups.
To conclude, our single-centre experience demonstrated that UF is an effective treatment for decompensated HF patients with diuretic resistance from an Asian population. UF can help such patients achieve greater fluid and weight loss, reduced length of hospitalisation, and lower frequency of emergency department visits and rehospitalisations. UF also improves the health status of such patients and can be performed safely without adverse events.
